Introduction: Biliary complications occur in 10-30% of liver transplants. The aim of this study was to compare the incidence of these complications in liver transplants when the T-tube was or was not used during the biliary anastomosis. Material and Methods: Analysis of 2 groups of patients undergoing liver transplantation between 2008 and 2012. Patients were divided considering if the T-tube was used (G1) or if it was not (G2). We sought explanatory models of the occurrence of biliary complications by logistic regression, including the variables identified in the univariate analysis.
INTRODUCTION
Biliary reconstruction remains the technical 'Achilles heel' of liver transplant surgery, responsible for a 10-30% complication rate.
1
Biliary strictures and fistulae are the most frequent complications of deceased donor liver transplantation, occurring in 9-12% and 5-10% of the patients, respectively.
2
The systematic use of the choledocho-choledochostomy with T-tube in liver transplant surgery originated from the experience acquired in biliary surgery. However, its use has been increasingly questioned by different authors over the past few years, mostly regarding the anastomosis with similar-diameter and well-vascularized bile ducts. 1, 3, 4 End-to-end choledocho-choledochostomy has been the procedure of choice for biliary anastomosis in our transplant centre and the fact that it allows for the preservation of the natural sphincter mechanism and that it provides easy access for future endoscopic interventions are procedure's most important advantages. 5 There are different benefits associated with the use of a T-tube, namely enabling (i) to gauge and reduce the pressure on the biliary tract, (ii) to monitor the amount and quality of the bile and (iii) to carry out imaging tests of the biliary tract. 1 There are however some disadvantages, namely leading to (i) more discomfort for the patient, (ii) to ascending infections, (iii) an additional admission to hospital aimed at its removal and (iv) the risk for the presence of a fistula at the entrance of the tube, with the subsequent risk for bile peritonitis.
1
Different authors have analysed this subject and tried to clarify this controversy, having described different and conflicting results. [1] [2] [3] [4] [5] [6] [7] [8] [9] In our centre, the insertion of a biliary drainage catheter or T-tube is determined on a case-by-case basis and is systematically used in biliary reconstruction surgery in which the risk for complications is expectedly higher, such as (i) small diameter bile ducts (<7 mm), (ii) re-transplant and (iii) in marginal grafting or with prolonged cold ischaemic time.
This study aimed at the comparison of the incidence of biliary complications when using vs. not using a biliary drainage catheter (T-tube) in liver transplantation.
MATERIAL AND METHODS
In total, clinical records of 577 patients who underwent a liver transplant at a single transplant centre between 2008 and 2012 (five years) were analysed.
Transplant recipients less than 18 years of age and patients submitted to re-transplant, small-for-size grafts and biliary reconstruction surgery involving biliodigestive anastomosis were excluded from the study.
Two groups were considered, upon analysis of the clinical records of the remaining 506 patients included in the study: group 1 (G1) including patients in whom a T-tube has been used and group 2 (G2) in whom it was not used.
The decision on whether or not using a T-tube depended on surgeon's intraoperative evaluation.
The following were the variables that were analysed and obtained from patient's clinical records: main donor and recipient characteristics, underlying liver disease, global postoperative outcomes, biliary complications and therapy used to manage these.
A cholangiography was obtained in G1 patients between postoperative day 7 and day 10 and these patients were discharged from the hospital with a clamped T-tube, which was removed upon new cholangiography obtained six months upon transplant.
The presence of fever and signs of peritoneal irritation over the first 24 hours upon the cholangiography were considered as symptoms of clinical suspicion of bile leak upon T-tube removal and this was always confirmed with imaging. The presence of fever and increased levels of inflammatory and cholestasis parameters led to a possible diagnosis of cholangitis.
The presence of biliary stricture was always confirmed with imaging and endoscopy.
A mean (standard deviation) post-transplant follow-up time of 1,174 (32) days was found. Patients were monthly re-assessed over the first six months post-transplant, every three months over the following 18 months and every six thereafter.
Fisher's exact test or Chi-square were used for the percentage comparison. Incidence rate acuity was given by 95% confidence intervals (95% CI).
Univariate analysis identified those variables that were eligible for explanatory modelling regarding the presence of biliary complications, using logistic regression.
SPSS 22.0 (SPSS for Windows, Rel. 22.0.1, 2013. SPSS Inc., Chicago, Il, USA) software has been used.
RESULTS
Out of the 506 patients in our group, 363 underwent a biliary reconstruction with a T-tube (G1) and 143 with no T-tube (G2).
Main characteristics of both groups are shown in Table  1 . Only the mean age of the donor (higher in G2 patients) and the gender of the recipient (more male patients in G1) were significantly different between both groups.
Data regarding underlying liver disease leading to liver transplant are shown in Table 2 . Some statistically significant differences were found between both groups in bivariate analysis and using Chi-square test. The option on using a T-tube was more frequent in patients who underwent a liver transplant due to non-viral liver disorders with cirrhosis and tumours and less frequent in patients with metabolic disorders.
No statistically significant differences were found when global postoperative outcomes were compared between both groups (overall morbidity and mortality due to nonbiliary causes) (p-value = 0.154 and 0.083, respectively) ( Table 3 ).
In addition, no statistically significant differences Revista Científica da Ordem dos Médicos www.actamedicaportuguesa.com were found regarding the incidence of thrombotic and haemorrhagic complications (p-value = 0.065 and 0.145, respectively) ( Table 3) . A higher rate of biliary complications was found in G1 patients (27% vs. 18.9%; p-value = 0.057). A trend towards a more frequent presence of the three major types of biliary complication (bile duct stricture, fistula and biloma) in G1 patients was also found (Table 3) .
A higher percentage of G1 patients with an indication for admission to hospital for conservative treatment was found (13.5% vs. 4.9%; p-value = 0.050). No significant differences were found between both groups as regards the number of endoscopic retrograde cholangiopancreatography imaging procedures (p-value = 0.123), re-operation (p-value = 1.000) or re-transplant carried out for the treatment of biliary complications (p-value = 0.770) ( Table 3) .
The two deceased patients in G1 had been referred for liver re-transplant due to recurrent cholangitis and died due to refractory haemorrhagic shock upon re-transplant (Table  3) .
Mean time (standard deviation) up to T-tube removal was 9.3 (3.7) months in G1 patients.
Out of the 98 patients presenting with biliary complications, seven (7.1%) occurred over the additional admission to hospital for T-tube removal. The presence of abdominal pain was found in four of these patients and this extended their stay in the hospital for monitoring and conservative treatment, two presented with bile leak with an indication for endoscopic treatment and one with biliary peritonitis with an indication for urgent re-operation.
No correlation between the rate of biliary complications and bile duct diameter nor between this rate and cold ischaemic time was found in univariate analysis.
The use of a biliary drainage seems associated with a 59% increased probability of biliary complication (OR 1.59; 95% CI 0.98-2.56; p = 0.058), according with the logistic regression analysis.
When the explanatory model was adjusted to the age of the recipient and donor and to the underlying liver disease, the use of a T-tube was associated with a 71% increase in the presence of biliary complications (adjOR 1.71; 95% CI 1.04 -2.80; p = 0.034) ( Table 4) .
DISCUSSION AND CONCLUSION
A trend towards more frequent biliary complications in patients having been submitted to biliary reconstruction with T-tube has been found in this effectiveness study with 506 patients who underwent liver transplantation.
These results contrast with the conclusions found in different studies published over the past decade. An increased incidence of biliary stricture has been found with the use of a T-tube in a meta-analysis by Huang et al. involving 1,608 patients, even though the incidence of biliary complications was not increased. 6 Sun et al. have analysed 15 studies and found a significantly higher incidence of biliary stricture in patients who underwent the anastomosis without any T-tube (p < 0.001; OR = 0.49; 95% CI: 0.34 -0.69). 7 In a prospective randomized clinical trial involving 187 patients, López-Andújar et al. have found a 12% reduction (95% CI 4-10) in the absolute risk for the presence of biliary stricture with the use of a T-tube.
1
Benítez Cantero et al. also found that biliary stricture was more frequent when the T-tube had not been used in a retrospective analysis of 95 patients. 8 In a prospective randomized study by Sascha Weiss et al. involving 194 patients, the use of a T-tube has been considered as a safe measure and allowed for the reduction of the number of post-transplant invasive procedures. 9 Conflicting conclusions have been found in a metaanalysis by Paes-Barbosa et al. These authors have suggested that a choledocho-choledochostomy should only be carried out with a T-tube drainage in case of a side-toside and without it in case of an end-to-end anastomosis. 5 The results of the meta-analysis by Sotiropoulos et al.
(1,027 patients) are closer to those obtained in this study and have found that the systematic use of a T-tube led to an increased post-operative morbidity, to an increased number of radiological procedures and an increased length of stay in hospital.
2
A systematic use of a T-tube has been contested by the revision study carried out by Carina Riediger et al. in which only 17 (2%) out of the 639 patients involved in the metaanalysis took advantage of the use of a T-tube aimed at the prevention of biliary stricture. We share the opinion with these authors that non-invasive monitoring of graft function may be carried out through the determination of the level of factor V or the plasma clearance rate of indocyanine. 3 The dimension of our group of patients and the fact that this was a study carried out within a single transplant centre were the strengths of the study, reducing the usual heterogeneity found in multicentric studies.
The correlations found between the use of a T-tube and the presence of biliary complications included objective and robust variables. Reliability was reinforced by the fact that those correlations have remained in multivariate analysis upon the adjustment. We believe however that the generalisation of the results should be undertaken with care, due to the limitations of the study. The decision on whether or not using a T-tube depended on surgeon's intraoperative assessment, was not randomized and was taken regardless of the research protocol and was based on some variables that are usually not available to an observational and documentary study as this one.
T-tube drainage has been used in order to protect the biliary anastomosis in more difficult patients (with a small-diameter bile duct or submitted to a prolonged cold ischaemic time), leading to an unavoidable selection bias and to the definition of two asymmetrical groups.
Even though we admit that this study does not allow for any unequivocal conclusion on whether the use of a T-tube led to any benefit regarding the prevention of biliary complications, the results of the multivariate analysis adjusted to donor's and recipient's age as well as to the underlying liver disease leading to the liver transplant allow to question its systematic use in every biliary anastomosis.
The identification of the patients in whom the use of a T-tube does not bring any advantage in terms of prevention of biliary complications and therefore reducing the risk of morbidity associated with its use is crucial, as described by López-Andújar et al. 1 In our group of patients, a trend was found towards the presence of more biliary complications in the group of patients in whom a T-tube had been used.
Nevertheless, considering the limitations of this study, we found that the decision regarding which type of biliary reconstruction in liver transplantation should be used must be taken upon a careful individual analysis. The use of a T-tube may be avoided when the donor and recipient bile ducts are of similar diameter and well vascularized.
We are therefore in agreement with López-Andújar et al. and we always use the T-tube in case of a significant duct size mismatch, mainly when one is less than 7 mm in diameter.
1 Intra-operative assessment by experienced surgeons may prevent from the use of a T-tube in patients at a low risk of complications.
HUMAN AND ANIMAL PROTECTION
The authors declare that the followed procedures were according to regulations established by the Ethics and Clinical Research Committee and according to the Helsinki Declaration of the World Medical Association.
DATA CONFIDENTIALITY
The authors declare that they have followed the protocols of their work centre on the publication of patient data. 
